A cadaveric study was performed to test the hypothesis that intact-canal-wall mastoidectomy (ICWM) with otoendoscopy allows for equal or better visualization of the middle ear cavity structures when compared with canal-wall-down mastoidectomy (CWDM) with microscopy. Ten temporal bones were prepared with a reversible canal-wall-down tympanomastoidectomy technique. Five anatomic sites in each middle ear cavity (lateral epitympanum, posterior crus of the stapes, the sinus tympani, eustachian tube orifice, and round window niche) were marked with paint. Two otolaryngologists blinded to the purpose of the study viewed the temporal bones with the microscope. Following replacement of the posterior canal walls, the bones were then viewed with a 30° and a 70° otoendoscope. All visualized paint marks for each viewing were recorded and compared. We found that ICWM with 30° or 70° otoendoscopy provided significantly better visualization of the sinus tympani than did CWDM (p ≤ 0.001). There was no significant difference among the three methods in visualization of the lateral epitympanum, posterior crus of the stapes, and round window niche. With respect to the eustachian tube orifice, one of the observers reported significantly better visualization with CWDM (p = 0.036). With adjunctive otoendoscopy, it is not necessary to remove the posterior canal wall to adequately visualize or remove disease from various areas of the middle ear cleft. The use of otoendoscopy during cholesteatoma surgery may allow for more frequent preservation of the posterior canal wall and reduced rates of residual cholesteatoma, given the equal or better visualization of the middle ear cavity.
Introduction
Intact-canal-wall mastoidectomy (ICWM) and canalwall-down mastoidectomy (CWDM) for the treatment of cholesteatoma have been compared extensively in the literature. ICWM is preferred over CWDM when possible because it is associated with better postoperative aural hygiene and aesthetic results. 1, 2 In the context of cholesteatoma surgery, the major disadvantage of ICWM is that it is associated with a higher rate of residual disease (19 to 47.7%) 3 than is CWDM (5 to 12%). 4, 5 Inadvertent residual cholesteatoma is believed to occur as a result of poor visualization of areas in the middle ear cavity during the initial surgery.
Many otologists would agree that canal-wall-down procedures provide better visualization of most middle ear structures than do intact-canal-wall procedures. A 1998 study of 12 cadaveric temporal bones by Hulka and McElveen supported this notion. 6 They found that compared with ICWM, CWDM offered significantly superior visualization of the lateral epitympanum, posterior crus of the stapes, and sinus tympani.
During the past 40 years, a number of techniques have been proposed to allow surgeons to obtain better intraoperative visualization of middle ear cavity structures while preserving the posterior canal wall. Most of these techniques were designed to provide a better view of the posterior tympanic cavity-specifically, the sinus tympani. They include reversing the surgeon's orientation, using mirrors to see around bony ridges, and temporarily removing the posterior canal wall. [7] [8] [9] [10] While these methods do increase visualization to some degree, they all have their limitations and none has been widely accepted. 3, 8, 11 In 1967, Mer et al first described the use of fiberoptic endoscopes for viewing the middle ear cavity. 12 However, those early otoendoscopes lacked maneuverabil-ity because they were attached to surgical microscope stands. Since then, technologic advances have paved the way for handheld scopes that feature higher resolution and smaller diameters. Today, rigid otoendoscopes are used during primary cholesteatoma surgery and during second-stage planned exploratory surgeries. 13 The 2.7mm 30° and 70° otoendoscopes have been found to be most useful during primary surgery. 14 Several reports on endoscopy-aided otologic surgery and its associated lower rate of residual cholesteatoma have been published. For example, Yung reported a 9.4% rate of residual cholesteatoma following ICWM aided by 0° and 30° endoscopy. 15 Similarly, Badr-el-Dine found that only 8.6% of his second-look operations revealed residual disease after using otoendoscopy for the primary intact-canal-wall surgery. 16 Thomassin et al found that their rate of residual cholesteatoma after ICWM dropped from 47.7 to 5.5% after they began using adjunctive otoendoscopy. 3 Residual cholesteatoma rates with endoscopy-aided ICWM are comparable to those of CWDM with microscopy. 15, 16 While it is widely accepted and logical that increased visualization afforded by the endoscopes is responsible for this trend, no known studies have quantitatively compared visualization during both approaches in a randomized, blinded manner. We conducted this study to test the hypothesis that ICWM with otoendoscopy provides equal or better visualization of middle ear cavity structures than does CWDM with microscopy alone.
Materials and methods
Ten human cadaveric temporal bones were prepared using a reversible canal-wall-down tympanomastoidectomy technique adapted from Hulka and McElveen (figure 1). 6, 9 With the use of the operating microscope, each bone underwent ICWM with extension into the epitympanum, dissection of the facial recess, and removal of the posterior half of the tympanic membrane. The posterior canal wall was then removed by placing cuts with an oscillating microsaw at the 7 and 11 o' clock positions in the right ear and the equivalent positions for the left ear. The posterior canal walls were carefully separated from the incus, removed from the temporal bones, and set aside for reinsertion later.
Within each temporal bone, five anatomic points were marked with a dot made with high-viscosity acrylic paint. Three different colors of paint were assigned in a random fashion to mark the five points. The dots were placed with a Rosen needle and the operating microscope with the posterior canal wall removed. The five points marked in each bone were the lateral epitympanum, posterior crus of the stapes, sinus tympani, eustachian tube orifice, and round window niche. The paint mark in the sinus tympani was placed by reversing the orientation of the temporal bone, which allowed for better visualization of the posterior tympanic cavity.
After all 10 bones were marked, they were presented to 2 otolaryngologists blinded to the purpose of the study. Both otolaryngologists were experienced in canal-wall-up and canal-wall-down mastoidectomy techniques, but neither had used otoendoscopy before. Each was asked to carefully observe all 10 bones with the operating microscope and to record the color and location of all the paint marks that they could see. This first observation session served as the CWDM session. Then the posterior canal walls were secured back into place with cyanoacrylate.
One week after the CWDM session, the 2 otolaryngologists were asked to carefully observe the temporal bones through a 2.7-mm 30° otoendoscope (figure 2) and then a 2.7-mm 70° otoendoscope (Karl Storz; Tuttlingen, Germany). These sessions were designated ICWM30 and ICWM70, respectively. A xenon light source was used.
Both endoscopes were inserted in a transcanal and transmastoid fashion for each viewing. Insertion of the endoscopes through the facial recess was not possible because of the diameter of the shaft of the scope. Again, both otolaryngologists were asked to record the color and location of all the paint marks that they could visualize.
All statistical analyses were performed with the Statistical Package for the Social Sciences software for Windows (v. 16.0; SPSS; Chicago). Results were reported as the number and percentage of marks that were successfully identified in each area according to inspection method and observer. The Fisher exact test was used to compare the percentage of marks successfully identified among the three inspection methods (CWDM with microscopy, ICWM30, and ICWM70), separately for each region and observer. A p value of ≤0.05 was selected to determine the statistical significance of the test statistics.
Results
The individual results for each observer are summarized in figure 3 . The results by anatomic site are discussed here:
Lateral epitympanum. Both observer 1 and observer 2 successfully identified all 10 marks with all three inspection methods. Obviously, then, there was no evidence to suggest that any of the inspection methods was better than any other (p = 1.000).
Posterior crus of the stapes. Observer 1 identified 100, 70, and 70% of the marks during the CWDM, ICWM30, and ICWM70 inspections, respectively (p = 0.15). Observer 2 identified 100, 80, and 80%, respectively (p = 0.32). Again, there was no difference in inspection accuracy among the three methods.
Sinus tympani. Observer 1 identified 0, 90, and 90% of the marks on CWDM, ICWM30, and ICWM70, respectively (p < 0.0001), while observer 2 identified 40, 100, and 100% (p = 0.001). The evidence was strong to suggest that there was a significant difference in accuracy among the three inspection methods with regard to the sinus tympani, with the CWDM method being significantly worse than the ICWM30 and ICWM70 methods, which were equally good (p ≤ 0.001). 
OPEN POSITION

St. Vincent's Health Services
H E A LT H C A R E E R S
Our commitment to providing patients and employees with the highest standard of care is at the heart of all we do. As an employer, we value all of our staff and have a strong commitment to development, diversity, and work-life balance.
St. Vincent's Multi-Specialty
Group is seeking a BC/BE Head and Neck Surgeon to join our wellestablished group of ENT Providers. Experience in Sleep Medicine is preferred in order to assist with building this program! We are an academic program and are the official teaching hospital for Quinnipiac University. Academic appointment is commensurate with experience. We are a subspecialized practice that offers the opportunity for both medical center and private practice work with a reasonable call schedule! We also offer competitive salary and benefits.
Location Matters! Connecticut is a beautiful state, conveniently located in southern New England; only a train ride away from New York City. We work hard and we play hard here at St. Vincent's, and playing in and around Fairfield County, Connecticut is easy with so many wonderful things to do and so many great places to visit. With easy access to the shoreline and quality recreational facilities, it won't be hard to find something fun to do at a moment's notice.
Contact Elena Geanuracos, Physician Recruiter at elena.geanuracos@stvincents.org for more information or to forward CV. Eustachian tube orifice. Observer 1 identified 50, 60, and 80% of dots with CWDM, ICWM30, and ICWM70, respectively, while observer 2 identified 90, 80, and 40%, respectively. These findings are conflicting. For observer 1, there was no significant difference among the three inspection methods (p = 0.37). For observer 2, on the other hand, there was a significant difference in favor of CWDM and ICWM30 (p = 0.036) over ICWM70. However, when all the data from both observers were combined, there was no significant difference among the three inspection methods.
ENT Surgeon
www.stvincents.org
Round window niche. Observer 1 identified 80, 100, and 100% (p = 0.12), and observer 2 identified 90, 100, and 100% (p = 0.36), meaning that there was no difference among the three inspection methods.
Discussion
This study showed that ICWM with otoendoscopy was equal to CWDM with microscopy in providing visualization of the lateral epitympanum, posterior crus of the stapes, eustachian tube orifice, and round window niche. More notable is the finding that ICWM with otoendoscopy was superior to CWDM in providing visualization of the sinus tympani.
The anatomic sites we selected for observation are similar to those used in earlier visualization studies of the middle ear cavity. 6, 8 This selection was based on the fact that removal of cholesteatoma from these areas is difficult with the ICWM approach. Moreover, several authors have determined that the epitympanum, sinus tympani, and middle ear cavity are areas of high risk for recurrent disease. 3, 6, [15] [16] [17] We did not investigate the mastoid cavity because it already permits unobstructed inspection via the microscope and because it is not a common site of residual cholesteatoma. 18 Sinus tympani. The most important anatomic site in our study was the sinus tympani. This cleft in the posterior tympanic cavity is often the subject of attention because it is visually obscure, it has a tendency to be involved with cholesteatoma, and there is no straightforward surgical approach to it. The space is often deep and may extend posterior to the facial nerve. In addition, it is bounded laterally by a constant ledge of bone anterior to the facial nerve. 19 For cholesteatomas involving the sinus tympani, some authors claim that lowering the canal wall to the level of the facial nerve provides better access to the area. 6, 20 In contrast, others have recommended leaving the posterior canal wall intact and using otoendoscopy because performing CWDM does not address the obstruction caused by the overlying facial canal. 4 Our results indicate that it is not possible to obtain a clear view into the sinus tympani with either CWDM or ICWM via a facial recess approach unless an angled otoendoscope is used ( figure 4) .
Clinical data have shown that when otoendoscopes have been used as an adjunct to ICWM or CWDM for cholesteatoma, the sinus tympani was the most common site of intraoperative residuum (cholesteatoma found with the endoscope after microscopic dissection was complete). 13, 16 Our finding that ICWM with otoendoscopy provided significantly better visualization of the sinus tympani than did CWDM with the microscope supports these previous findings.
Lateral epitympanum and round window niche. Visualization afforded by otoendoscopes with the posterior canal wall intact was not significantly different from microscopy with the wall down for the lateral epitympanum and round window niche. For these sites, ICWM30 and ICWM70 yielded basically the same degree of visualization as did CWDM. Therefore, for resection of cholesteatoma that extends into those areas, it is not necessary to take down the posterior canal wall if an endoscope is used as an adjunct to ICWM.
Posterior crus of the stapes. Visualization of the paint marks on the posterior crus of the stapes was poorer with ICWM30 and ICWM70 than with CWDM, although TympanomasToidecTomy wiTh oToendoscopy the differences were not statistically significant. This makes sense when one considers that when the endoscope is rotated to view the posterior mesotympanum, the stapedial tendon will block visualization of the posterior crus. For this reason, ICWM inspection of the area near the oval window niche and posterior crus of the stapes must be thorough. The posterior crus of the stapes would be best visualized by placing the endoscope inferiorly in the middle ear and then viewing superiorly. In this way, the posterior crus of the stapes can be seen under the stapedial tendon. Eustachian tube orifice. Our findings with respect to the eustachian tube orifice were conflicting-although not significantly so when all data were combined. Observer 1 achieved slightly better visualization with ICWM70 (80%) than with CWDM (50%) and ICWM30 (60%), while observer 2 had significantly more success with CWDM (90%) and ICWM30 (80%) than with ICWM70 (40%).
The reason why observer 2 found CWDM with microscopy superior to ICWM30 and ICWM70 for visualizing the eustachian tube orifice is not clear. However, we have found that when the distance between the promontory and the umbo is very short, there is little room for the endoscope to visualize the eustachian tube area. When one attempts to look anteriorly with an endoscope, the malleus may obstruct the view of the protympanum and eustachian tube orifice.
It is also unclear why observer 2 had much less success with the 70° scope than with the 30° scope. This finding differs from those of a study by Karhuketo et al, who concluded that the more angled the endoscope was, the greater was the number of structures that could be observed in the middle ear. 21 One reason for our finding may relate to initial disorientation and a learning curve associated with highly angled endoscopes. However, when data from the 2 observers were combined, there was no difference in the visualization of the area among the three tested methods.
Difference in techniques. Open techniques, including CWDM, are widely used because they require less effort, provide better visualization, and are associated with lower recurrence rates. 22 However, interest in closed techniques, including ICWM, has increased recently because healing time is shorter, normal anatomic structures can be maintained, and the ear's ability to self-clean is preserved. 22 The effect of the different procedures on hearing outcomes is controversial. While some studies have shown better hearing with ICWM, others have found no significant difference in hearing between open and closed techniques. 22, 23 Traditionally, the major concern with closed techniques has been higher recurrence rates, and the use of otoendoscopes has been introduced to address this issue. Some studies have evaluated the postoperative recurrence rates associated with the two approaches. For example, in a series of 82 patients, El-Meselaty et al retrospectively evaluated the results of ICWM and CWDM with and without the use of endoscopes. 24 After a mean follow-up of 18 months, they found that recurrence rates were 25 and 5% with ICWM and CWDM without intraoperative endoscopy, and 0 and 0% with intraoperative endoscopy. They also found that the rate of intraoperative detection of residual cholesteatoma was higher with ICWM than with CWDM (50 and 30%, respectively), although this difference was not statistically significant.
Otoendoscopes. Ayache et al evaluated a series of 350 patients and reported that the use of intraoperative endoscopy resulted in a higher number of satisfactory excisions (as judged by the surgeon) and greater detection of unnoticed residual cholesteatoma after otomicroscopy. 25 Of note, most recurrent lesions after ICWM have a pearl-like form and are thus easier to excise, which reduces the risk of further recurrences. 26 Our study showed that otoendoscopes are useful even for otolaryngologists who have no experience with them. Still, users should be aware of the cautions and disadvantages associated with them. For example, the greatest chance of injury to the ossicles occurs at the time of endoscope placement. We recommend that the endoscope be placed under direct vision. The shaft of the endoscope should lean against the ear canal to stabilize it and prevent its sudden intrusion. Once the position of the endoscope is set and secured, visualization through the endoscope or on a monitor can be performed.
With otoendoscopy, there is a loss of binocular vision and depth perception. Also, movement of the scope may result in damage to the ossicular chain, particularly with angled scopes and especially the 70° scope. Also, the 30° and 70° endoscopes can be disorienting at first because of the angled perspective. Experience can compensate for both the initial disorientation and the lack of depth perception.
Another drawback is that fogging of the tip of the endoscope is possible, but this can be easily handled by applying an antifog solution. Moreover, smearing of blood on the tip of an otoendoscope can significantly obstruct one's view or hinder interpretation of middle ear anatomy. For this reason, meticulous attention to hemostasis during tympanomastoidectomy is essential. One limitation of our cadaveric study was the absence of fogging and hemorrhage, which did not replicate clinical conditions.
Finally, Bottrill et al demonstrated that the use of a 300-W xenon light source during otoendoscopy can generate enough heat in the middle ear cavity to induce vertigo and rotatory nystagmus. 27 Therefore, a lower setting on the light source should be used for awake patients.
In summary, with adjunctive otoendoscopy, it is not necessary to remove the posterior canal wall to adequately visualize the lateral epitympanum, posterior crus of the stapes, sinus tympani, eustachian tube orifice, and round window niche. 28 Use of adjunctive otoendoscopy during cholesteatoma surgery should allow for more frequent preservation of the posterior canal wall, as well as lower rates of residual cholesteatoma and thus less need for second-look operations for residua. 29 
